Spectral analysis of long time series of three-hourly barometric observations at three Pacific Island stations was performed.
Introduction
It is now clear that the spectrum of atmospheric motions includes a number of distinct peaks which indicate the presence of global scale resonant normal modes. Prominent among the resonances that have been observed are the "two day" (e. g., Salby and Roper, 1980; Rodgers and Prata, 1981) , "five day" (e. g., Madden and Julian, 1972; Rodgers, 1976) and "sixteen day" (Madden, 1978) waves. All these waves have easterly phase propagation and each has been identified with a particular normal mode Rossby wave (e. g., Salby, 1981a, b) . Recently Matsuno (1980) has presented some limited evidence for the existence of another resonance.
He analyzed a twelve year record of hourly surface pressure observations at Luanda (8.9*S, 13.2*E) and a four year record at Quito (0.1*S, 78.5*W), and in both cases he found a small peak in the power spectrum near periods of 33 hours. As Matsuno noted, this is precisely the predicted period of the gravest, zonal wavenumber one, westerly
propagating normal mode in a windless atmosphere with equivalent depth of 10km*. When Matsuno performed cross-spectral analysis of the data at the two stations, he found some evidence for a phase difference consistent with that expected for a westerly propagating wavenumber one disturbance, but his results were not judged to be statistically significant. The present note describes an attempt to confirm Matsuno's discovery of this normal mode Kelvin wave using long time series of barometric observations at three tropical stations.
Data analysis and results
The data used in this study were 15 year records of threehourly surface pressure measurements taken at Kwajalein (8.7*N, 167.7*E), Ponape (7.0*N, 158.2*E) and Koror (7.3*N, 134.5*E). They were provided to the author by the U. S. National Climatic Center. A few missing observations were filled in by linear interpolation.
The squared magnitude of the Fourier transform, 1(*), was computed for each station using the formula where Pk is the observed pressure at time tk * It is not expected that the inclusion of mean winds would significantly affect the predicted period since the phase speed of this mode is very large. This has been confirmed in a numerical calculation by Salby (1982) . and there are a total of N observations in the record (N*43832). I(*) was then smoothed by taking a running mean over a .0008 hour-1 interval of frequency *.
The results for the three stations are displayed in Figs. 1-3. In each case there is a discernable concentration of power around periods of about 32 or 33 hours.
A zonal wavenumber one disturbance would be expected to be coherent and fairly well in phase among the three stations considered (since they have a longitudinal separation of only about 30*). On the other hand, the distance between the stations is comparable to the zonal scale of typical tropical weather systems. This suggests that by simply averaging the individual pressure observations at the three stations one might significantly enhance the signal-to-noise ratio for the 33 hour oscillation. This expectation is borne out by the computed spectrum of the averaged pressure series shown in Fig. 4 . The results of this very simple analysis thus support Matsuno's view that there is a prominent 33 hour oscillation in surface pressure that is associated with a very long zonal scale. It would, of course, be possible to perform a more sophisticated cross-spectral analysis with a view to discovering the direction of phase propagation. However, Matsuno's results (see his Figure 6 ) do not give one much confidence that even the sign of the (presumably small) phase differences among the stations could be deter- Fig. 3 As in Fig. 1 , but for observations at Koror. mined unambiguously. From Fig. 4 it can be seen that the 33 hour oscillation is associated with a frequency bandwidth, *, of about .004 hour-1. The total pressure variance contained in this band of frequencies can be estimated crudely as A*,/*, where A is the maximum power (*5*10-5 mb2) and *1/(N*3 hours). This computation yields about 2*10-2 mb2, so that the r. m. s. amplitude of the wave is *.15mb. This can be compared with the .5-1.0mb amplitude for the five day wave in the tropics estimated by Madden and Julian (1973) .
This result for the surface pressure amplitude allows an estimate to be made of the strength of the upper level winds that might be associated with the 33 hour wave.
The surface wind amplitude near the equator should be equal to the pressure amplitude times the zonal wavenumber, divided by the product of the ambient density and the angular wave frequency. This is about 0.04m s-1. Since the 33 hour wave ought to be largely unaffected by mean winds and dissipation, the wind amplitude would be expected to grow roughly as the reciprocal of the mean pressure to the 2/7 power.
Thus by the mesopause level (.01mb) the winds could grow to over 1m s-1. It is also possible that at certain periods the amplitude of this mode could be considerably larger than its mean r. m. s. amplitude over the 15 year record examined in this study. Hence it may be worthwhile to search for the 33 hour wave in upper atmospheric radar data. In this regard it is interesting that Hirota et al. (1983) have recently found clear evidence for the existence of the five day wave in mesospheric wind measurements (note that the background noise level at the 33 hour period may be reduced from that around five days, see Fig. 4 ). There have already been some very limited observations of upper atmospheric wind variability with periods close to 33 hours (Salby, 1978 
